Basic Radiation Related Terms 


Radiation 

Radiation is energy in transit in the form of high speed particles and 
electromagnetic waves. We encounter electromagnetic waves every 
day. They make up our visible light, radio and television waves, ultra 
violet (UV), and microwaves with a large spectrum of energies. These 
examples of electromagnetic waves do not cause ionizations of atoms 
because they do not carry enough energy to separate molecules or 
remove electrons from atoms. 


Ionizing radiation 

Ionizing radiation is radiation with enough energy so that during an 
interaction with an atom, it can remove tightly bound electrons from 
their orbits, causing the atom to become charged or ionized. 
Examples are gamma rays and neutrons. 


Non-ionizing radiation 

Non-ionizing radiation is radiation without enough energy to remove 
tightly bound electrons from their orbits around atoms. Examples are 
microwaves and visible light. 


Radioactivity 

Radioactivity is the spontaneous transformation of an unstable atom 
and often results in the emission of radiation. This process is referred 
to as a transformation, decay or disintegrations of an atom. 


Radioactive Material 
Radioactive Material is any material that contains radioactive atoms. 


Radioactive Contamination 

Radioactive contamination is radioactive material distributed over 
some area, equipment or person. It tends to be unwanted in the 
location where it is, and has to be cleaned up or decontaminated. 
Measured in meter units (counts per minute or CPM), derived activity 
(disintegrations per minute or DPM) or Activity (uCi/unit area ex: 2.4 
p.Ci/100 cm?) 


Airborne Contamination 

Airborne contamination is radioactive material distributed in some 
volume of air. Measured in Activity per unit volume. Ex: 3.6 x 10° 
piCi/cm?) 


Common Types of Radiation 


Gamma Rays 
Gamma rays are electromagnetic waves or photons emitted from the 
nucleus (center) of an atom. 


Betas 

A beta is a high speed particle, identical to an electron, which is 
emitted from the nucleus of an atom 

Alphas 

An alpha is a particle emitted from the nucleus of an atom that 
contains two protons and two neutrons. It is identical to the nucleus of 
a Helium atom, without the electrons. 


Neutrons 

Neutrons are neutral particles that are normally contained in the 
nucleus of all atoms and may be removed by various interactions or 
processes like collision and fission 


X rays 

X Rays are electromagnetic waves or photons not emitted from the 
nucleus, but normally emitted by energy changes in electrons. These 
energy changes are either in electron orbital shells that surround an 
atom or in the process of slowing down such as in an X-ray machine. 


Common Units - USA 
These are the common units used in the United States 


Roentgen (R) 

The roentgen is a unit used to measure a quantity called exposure. 
This can only be used to describe an amount of gamma and X-rays, 
and only in air. One roentgen is equal to depositing in dry air enough 
energy to cause 2.58 x 10* coulombs per kg. It is a measure of the 
ionizations of the molecules in a mass of air. The main advantage of 
this unit is that it is easy to measure directly, but it is limited because 
it is only for deposition in air, and only for gamma and x rays. 


Rad (radiation absorbed dose) 

The rad is a unit used to measure a quantity called absorbed dose. 
This relates to the amount of energy actually absorbed in some 
material, and is used for any type of radiation and any material. One 
rad is defined as the absorption of 100 ergs per gram of material. The 
unit rad can be used for any type of radiation, but it does not describe 
the biological effects of the different radiations. 


Rem (roentgen equivalent man) 


The rem is a unit used to derive a quantity called equivalent dose. 
This relates the absorbed dose in human tissue to the effective 
biological damage of the radiation. Not all radiation has the same 
biological effect, even for the same amount of absorbed dose. 
Equivalent dose is often expressed in terms of thousandths of a rem, 
or mrem. To determine equivalent dose (rem), you multiply absorbed 
dose (rad) by a quality factor (Q) that is unique to the type of incident 
radiation. 


Curie (Ci) 

The curie is a unit used to measure a radioactivity. One curie is that 
quantity of a radioactive material that will have 37,000,000,000 
transformations in one second. Often radioactivity is expressed in 
smaller units like: thousandths (mCi), one millionths (uCi) or even 
billionths (nCi) of a curie. The relationship between becquerels and 
curies is: 3.7 x 10!° Bq in one curie. 


Common Units - SI - International Standard 
Note: These are the common units used throughout the world in 
health physics, but not commonly used in the USA. 


Gray (Gy) 

The gray is a unit used to measure a quantity called absorbed dose. 
This relates to the amount of energy actually absorbed in some 
material, and is used for any type of radiation and any material. One 
gray is equal to one joule of energy deposited in one kg of a material. 
The unit gray can be used for any type of radiation, but it does not 
describe the biological effects of the different radiations. Absorbed 
dose is often expressed in terms of hundredths of a gray, or centi- 
grays. One gray is equivalent to 100 rads. 


Sievert (Sv) 

The sievert is a unit used to derive a quantity called equivalent dose. 
This relates the absorbed dose in human tissue to the effective 
biological damage of the radiation. Not all radiation has the same 
biological effect, even for the same amount of absorbed dose. 
Equivalent dose is often expressed in terms of millionths of a sievert, 
or micro-sievert. To determine equivalent dose (Sv), you multiply 
absorbed dose (Gy) by a quality factor (Q) that is unique to the type of 
incident radiation. One sievert is equivalent to 100 rem. 


Becquerel (Bq) 

The Becquerel is a unit used to measure a radioactivity. One 
Becquerel is that quantity of a radioactive material that will have 1 
transformation in one second. Often radioactivity is expressed in 
larger units like: thousands (kBq), one millions (MBq) or even billions 


(GBq) of a becquerels. As a result of having one Becquerel being 
equal to one transformation per second, there are 3.7 x 10'° Bg in one 
curie. 


Websites - 


@ General Radiation Information 


- http://www.physics.isu.edu/radinf 
@ State Radiation Control Office 


- http://www.doh.wa.gov/ehp/rp/ 


Federal Nuclear Regulatory Commission 


- http://www.nrc.gov 
¢ Emergency management 


- http://www.physics.isu.edu/radint/ 
spec.htm#em 


SG 


SI Prefixes 

Many units are broken down into smaller units or expressed as 
multiples, using standard metric prefixes. As examples, a 
kilobecquerel (kBq) in 1000 becquerels, a millirad (mrad) is 10° rad, a 
microrem (yrem) is 10° rem, a nanogram is 10° grams, and a 
picocurie is a 10°!” curies. 


SI Prefixes 


Example: 1/1000 of a rem would be a mrem (pronounced millirem). 
Dose Effects (rough estimates for guide) 


Whole body 

<75rem No physiological effects expected, increase risk of cancer 

< 7% 

75-200 rem Radiation sick within a few days (time shorter with higher 

dose) 

>350 rem Death within 30 days in 50% of exposed population 
without medical intervention 

>1000 rem Death in days to weeks in nearly 100% of exposed 

population 

>2000 rem Death in days 

>3000 rem Death < 24 hr 


Partial Body (approximate doses) 


Few hundred rem Temporary skin redness starting shortly after 
exposure (lasting a day) 
>600 rem Longer term skin redness (lasting weeks). Complete 
recovery expected. 

Temporary loss of hair starting within weeks of exposure 
>700 rem Permanent loss of hair within weeks of exposure 
1000 rem Burns within weeks of exposure 
2000 rem Ulceration within weeks of exposure 


